Abstract Short review of experimental and theoretical researches influence of inner boundaries at properties of composite materials. Reviewing articles that are made at the last, approximately, thirty years, and which demonstrate role of inner boundaries in determining the properties of composite materials.
Introduction
It is known the inner boundaries are an attributive component of composite materials [1, 2] . Inclusion of inner boundaries into the structural parameters of the material is dictated by several reasons [3] [4] [5] . Firstly, any material is a complex system and, consequently, should have inner boundaries the existence of which is a general-system specific feature [6, 7] . Secondly, the generation of inner boundaries should be considered as a mechanism of implementation of a target function of the system, i.e. conservation of the integrity: the development of interfaces in the material is known to level the excess stress. Moreover, the inner boundaries are an inevitable consequence of the processes of self-organization of a physical body and are conditioned by the random shape of clusters and macroscopic structural units [8] .
It's well understood by those at least most of the survey work on the inner boundary of the solid is not possible. The aim of this review to tell about some papers on manifold materials published in the last about 30 years, and describe the influence of inner boundaries at the properties, and results of the investigated capacities for controlling the properties of composite materials.
The authors don't even set themselves the task come close to "fully" description of the state of problems in this area of research, and ask consider this a review, as a sketch, as description of interesting them papers, as an attempt to draw attention to some of the emerging trends in the study and interpretation of the role and importance of inner boundaries.
Experimental Researches
In [9] the experimental smelting of X120 highstrength steel micro alloyed by 0.0018% mass of boron with low carbon equivalent and parameter of cracking resistance during welding had been performed. The mechanical properties tests, metallography and fractography examinations were carried out on samples made from rolled strip. The correlation between parameters of structure and mechanical properties of the steel was found. The kinetics of boron redistribution in the steel after TMP at heating and isothermal expositions in the temperature range 150-600ºC was investigated using Auger Electron Spectroscopy (AES) and Secondary Ions Mass-Spectroscopy (SIMS). It was found that boron is bound into nitrides or oxides and is able to form interphase segregation. For the first time the temperature ranges of most active grain boundary segregation of impurities (B, P, S, Si, N, C, Ti) were measured, and the curves of isothermal grain boundaries enrichment kinetics for these elements were plotted for the X120 steel. The temperature dependencies of effective segregation energy and diffusion coefficient of boron in the steel were determined. The value of boron segregation process activation energy is 43.6 kJ/mol. It was shown that boron segregates from solid solution to interphase boundaries at temperatures higher than 430±20ºC.
The interest to solid solutions of manganese-lanthanum perovskites is related with magnetoresistance effect observed near phase transition [10] . There are possibility to regulate physical properties through substitute ions in A-and B-sublattice [11] . Objects of investigation were lanthanum-strontium perovskites with non-stoichiometry manganese prepared by sol gel method and sintering at temperatures 550, 600, 700, 800, 900°С. The main goal of the work is definition the regularity of influence of synthesis temperature to structural features, magnetic and resistive properties of nonstoichiometric manganites obtained by the sol-gel technology.
The analyze of X-ray data indicated that all samples are single-phase and have orthorhombic structure besides sample sintering at 900°С witch has rhombohedral structure. The dependence of resistance versus temperature has semiconductor type. There is not phase transition -metal-semiconductor in all investigated temperature range in our pressing samples unlike of ceramic lanthanum -strontium perovskites. The magnetoresistive effects are observed at low temperature. As rule it explained by tunneling via mesoscopic boundary of particles. The value of magnetoresistance increases from 15 to 25% with increase sintering temperature to 700°С whereas more increasing sintering temperature decreases value of magneto resistance. Therefore, the sintering temperature 700°С is optimal for our pressing samples.
Authors [12] study the question extreme importance: the dependence of the material strength of the type of construction in which it incarnated. The finding that concrete strength in a structure was not correctly described by the strength of specimens moulded and stored under controlled standard conditions, led to the study of the relation between actual and potential strength of concrete.
The performance of adhesively-bonded joints under monotonic and cyclic-fatigue loading has been investigated in [13] using a fracture-mechanics approach. In particular, the influence of employing different surface pretreatments for the aluminum-alloy substrates was examined. In addition uncommon and very interesting result: a back-face strain technique has been used which revealed that crack propagation, rather than crack initiation, occupied the dominant proportion of the fatigue lifetime of the single-lap joints.
In paper [14] a method for predicting the lifetime of adhesively bonded joints and components has been investigated. The theoretical predictions using different approaches to describe the variation of with the crack length, a, and applied load in the single-lap joint, have been compared and contrasted with each other, and compared with the cyclic-fatigue behavior of the lap joints as ascertained from direct experimental measurements.
The transfer of matter and charge across interfaces between two solids is related to defect relaxation in the regions near the interface [15] . A transfer rate, which exceeds the rate of defect relaxation, may lead to degradation of the interface, causing a feedback effect for the transfer process itself. Consequently, nonlinear phenomena (dissipative structures) like periodic oscillations of the interfacial properties can occur under conditions far from equilibrium. Possible mechanisms and experimental examples are discussed.
In works [16, 17] it was established that the electrical activity of internal boundaries in silicon, as well as in silicon bicrystals produced by solid state bonding method is induced by background (oxygen, carbon, aluminium) and dopant (boron) impurities and is not result of dangling bonds formation in consequence of lattices mismatch of neighbouring grains. The complex of methods and models allowing to characterize and describe the peculiarities of formation and displaying of electrical activity of internal boundaries of different types in silicon, including induced by background and dopant impurities, is proposed.
A high density of structural defects and grain boundaries distinguishes nanocrystalline materials.
Due to the small grain size, a particular defect of the grain boundary topology, the so-called triple junction takes a dominant role for grain growth and atomic transport [18] . We demonstrate by atom probe tomography that triple junctions in nanocrystalline Cu have 100-300 times higher diffusivity of Ni than standard high angle grain boundaries.
In addition, a previously unexpected systematic variation of the grain boundary width with temperature is detected. The impurity segregation layer at the grain boundaries grows from the 0.7 nm at 563 K to 2.5 nm at 643 K. This variation is clearly not controlled by simple bulk diffusion. Taking this effect into consideration, the activation energies for Ni diffusion in triple junctions and grain boundaries in Cu can be determined to be (83 ± 10) and (120 ± 15) kJ/mol, respectively. Thus, triple junctions are distinguished by considerably lower activation energy with respect to grain boundaries [18] .
In [19] lanthanum nickel oxide thin films were prepared by the sol-gel method. Microstructures of the films were tailored by changing sol concentration to investigate the effect of grain boundary on the transport properties of electrons in the polycrystalline lanthanum nickel oxide films. Based on the temperature dependence of the resistivity and the magnetic field dependence of the magnetoresistance at various temperatures, the factors that dominate the transport behavior in the polycrystalline lanthanum nickel oxide films were explored in terms of weak localization and strong localization. The results show that the grain boundary has a significant influence on the transport behavior of the electrons in lanthanum nickel oxide films at a low-temperature region, which can be captured by a variable-range hopping model. The increase of metal-insulator transition temperature is ascribed to Anderson localization in grain boundary. At a high-temperature region, electron-electron scattering and electron-phonon scattering predominates in the films. In this case, the existence of more grain boundary shows a minor effect on the transport behavior of the electrons but elevates the residual resistivity of the films.
Authors [20] performed electrical transport measurements on α-sexithiophene crystalline grains using a dual-probe atomic force microscopy system having two independently controlled cantilever probes. The field-effect transistor characteristics were measured by varying the distances between the two probes brought in contact with the surface of the grains. It was clearly shown by the transfer line method that the grain boundary is the dominant factor limiting the electrical properties of organic thin films. Moreover, the hole transport across the grain boundary was found to be more affected by the oxygen hole doping than that within the crystalline grain.
Models, Conceptions, Intentions
The paper [21] considers experimental and theoretical principles of accounting for curvature in multiscale computer simulation of the behavior of interfaces as independent planar subsystems in a loaded polycrystal. Dynamics of matter and energy flows along grain boundaries is studied using a hybrid discrete-continuous method of excitable cellular automata, which combines synergetic principles of discrete switching and laws of continuum mechanics. It is shown that these flows have a rotational-wave nature and depend on the loading conditions of a grain boundary.
In [22] analyzed of two kinds of multiple cracking in a loaded solid with a brittle coating. First is the front development of opening mode cracks, while the second is the formation of a system of sliding mode cracks along conjugate directions of maximum tangential stresses. The mesomechanics of each kind of multiple cracking is discussed. The conditions, which provide an increase in both the strength and the ductility of a loaded solid experiencing multiple cracking, are formulated; the essence of the model is the growth of cracks in the sliding mode along conjugate directions of maximum tangential stresses.
Physical mesomechanics treats a solid under loading as a multilevel system where micro-, meso-and macro levels are self-consistent [23] . The element base for the scale levels of plastic deformation of a solid is offered which allows describing any kind of plastic flow as a combination of definite elements of this element base. Special attention is paid to description of fragmentation of a solid under loading as the main mechanism of plastic flow at the meso level. Fracture is the final stage of solid fragmentation when its scale changes from meso macro level.
Interesting results of computer simulation and interpretation of field ion microscopy images of ionirradiated platinum are presented in [24] . Formation of block nanocrystalline structures of 1-5 nm are observed in subsurface volumes not less than 20 nm from surface was observed as a result of ion irradiation. Quantitative analysis shows that block boundaries are small-angle with disorientation angle less than (6±2) degrees.
The effect of grain boundaries on the special features inherent to the evolution of atomic collision cascades and formation of radiation-affected regions in vanadium crystallites was investigated in [25] . The presence of grain boundaries in the material was found to have a considerable impact on the radiation damage pattern, specifically on the radiation-induced defect distribution and size. Grain boundaries were shown to serve as a barrier to propagation of atomic displacement cascades and to accumulate most of radiation-induced defects. Relaxed vanadium crystallites contained a relatively small number of clusters made up of point defects, i.e. vacancies and intrinsic interstitial atoms.
In [26] performed a molecular dynamics simulation of diffusion processes near the grain boundary. Calculations are carried out for the symmetric tilt boundary S = 5 at elevated temperatures. It is shown that near the grain boundary region high-temperature heating causes noticeable atomic displacements and thus governs active grain boundary diffusion. The calculation results demonstrate that the grain boundary diffusion parameters can be estimated with a rather high accuracy based on molecular dynamics calculations. This gives an opportunity to study the atomic mechanisms of how temperature and external mechanical fields influence diffusion processes and structural rearrangement both near the grain boundary and within the grain bulk.
The behavior of a large-angle boundary in a copper bicrystal under shear loading was studied by molecular dynamics simulation [27] . It is shown that grain boundary sliding can involve migration of the grain boundary perpendicular to the loading direction. The study covered both boundaries with a perfect symmetric structure and boundaries with a complex symmetric structure. Atomistic mechanisms of grain boundary sliding in the two cases were analyzed. It is found that the grain boundary structure affects the dynamics of the motion. Moreover, it is revealed that the grain boundary velocity depends on the value of applied load. The disclosed behavior of grain boundaries under shear deformation can exert an appreciable effect on microstructural changes of material and hence on its properties and peculiarities under loading.
The study [28] demonstrates the possibility to suppress the ductile brittle transition in bcc-structured steels at low strain temperatures on the example of pipe steel subjected to severe plastic deformation. The suppression of the ductile-brittle transition in the material is associated with structural changes in its planar subsystem (surface layers and grain boundaries in polycrystals) and substructure formation in its 3D crystalline subsystem.
The role of internal boundaries as an integral part of the structure of composite materials is discussed in [3] . The computer model of the percolation structure of the composites is proposed in this paper. The model based on the Monte-Carlo algorithms. The two and three dimensional composites model is studied and parameters of percolation clusters formed in the model are calculated.
This approach is actually creating two cluster systems -the particle and the internal boundaries, which are the background for each other, as in mosaic by M. Escher, in contrast to the "white" and "black" clusters, discussed in [29] , internal boundaries forms the percolation cluster, which belongs to the known class of percolation theory problems with the zero threshold [30] .
S. Trugman and A. Weinrib [30] believe their model gives a useful description of the interstitial space in rocks. In addition, they showed that in a percolation cluster system (for instance, in a semiconductor) with a certain percolation level, for particles with relevant energy it is not substantial whether the volume fraction of the conductive phase is very small. This causes association with a boat in a bay with reefs: the boat needs a layer of water above the reefs just exceeding its sea gauge in order to pass through the aquatic area.
In the model [1] it is possible to have several options of direct decrease of the system's percolation threshold. Firstly, it is variation of a control parameter of the model -the distance at which the elements are connected; this naturally decreases the power of the percolation cluster with the growth of the allowed distance. The known problems solved in such model include the definition of electrical conduction of random nets, the problems of hopping conduction, spontaneous magnetization in ferromagnetic, etc. [29] .
Other options are related to the possibilities of a substantial modification of the structural elements of clusters. They are two: the first one is trivial leading to predictable results, such as substitution of circles, used in the model, on the circumference; the second is the use as structural elements or a triangle or Sierpinski carpet or Koch snowflake, i.e. the pre-fractals of a specific generation with dimensions that are dozens of times smaller than the typical sizes of the percolation field. This allows an effective variation of such parameters, as the domain connection, the correlation length, the degree of space filling, lacunarity, etc. [31] .
The model of force field of the multiscale net of inner boundaries was proposed in [2] . Author assume that straight sections of the Sierpinski carpet correspond to quasilinear inner boundaries of the material, and analytically determine the force fields generated by multiscale nets of the inner boundaries of the Sierpinski pre-fractals of three types, which differ in symmetry, on the random step of partition. This allows using regular fractals, according to the principle of superposition, to calculate fields of mechanical stress, generated by the nets of inner boundaries with random configurations.
The paper [32] presents an approach to description of behavior of media and materials with a great number of inner interfaces, for example, polycrystals, nanostructured materials, media with a numerous number of fine inclusions, etc. The basic idea is to introduce a new parameter -the area of inner interfaces -and to determine the thermodynamic force conjugate to this parameter. The relationships for heat and mass fluxes and for rates of chemical transformations as well as generalized linearized equations of state for media of different types are given.
Numerous studies of dependence on the material properties from the structure usually contain photographs of the surfaces or sections, making possible to discriminate the structure of samples with differing properties. Authors of numerous articles give also verbal description of the photos, used the terms which intuitive transparent, but not have rigorous definitions, calculation algorithms, quantitative component. For example, "inhomogeneous distribution of cracks", "structured placement of filler", "complex configuration location of defects", etc.
In this connection, it is appropriate to introduce the characteristic that would allow quantifying the level of the structure order -the relative degree of the structure orderliness of the images [33, 34] . It is a quantitative characteristic, which is calculated by operable algorithm based on the concept of the information entropy.
Relative degree of orderliness is an integrality characteristic of structure, which is an alternative descriptive term such as "structured" and "heterogeneity" and allows characterizing quantitatively the drift characteristics of the material.
In [35] focuses on an application of the new and original computational methods to analyze the interfacial stress-transfer behavior and to prognosis the macromechanical properties and behavior of polymer composites in taking into consideration the real interfacial attributes and dynamics of molecular interrelation of the constituents.
The potential of applying the fractal analysis to the description of the structure and properties of polymer composites dispersedly-filled with nano-and microsize particles is discussed [36] . Much attention is paid to such important for above media problems as structure and properties of the inter-phase layers and aggregation of disperse filler particles in a polymeric composite matrix. Qualitative evaluations and physical interpretation of the alteration of the properties (reinforcement effect) of polymer composites filled with disperse particles at different scale levels is considered, taking into account the fractal parameters.
A consistent picture of the evolution of the defect structure is presented [37] for a solid undergoing plastic deformation, when defects are multiplied and arbitrary hierarchical structures are formed. The complete problem is reduced to a description of the kinetics of the formation of a new structural level of plastic deformation, a field-theoretic description of a single defect, and a statistical description of ensembles of defects. For the first time a theoretical scheme is constructed for the processes of developed plastic deformation in which a hierarchically connected multilevel structure of defects is formed. A solid with defects is treated as a highly nonequilibrium state of a crystal subjected to an intense external action.
Conclusions
In 2007 year authors [38] writing, that the current models for polycrystals address only the grain texture (i.e. the statistical parameters of crystal lattices), not the presence or character of grain boundaries, nor the size of the grains. But understanding of quantifying and predicting the role of grain size and grain boundary character on strength and ductility. This is an essential component required for the design of composites to resist stresses.
Moreover, it is necessary to agree with S. Mileiko [39]: interior boundaries determine unique properties of the composites. Awareness and understanding of this are a necessary step on the eve of a new jump of composites properties.
Really, the inner boundaries determine unique properties of the composites.
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